


Drug	Resistance	and	Poor	Outcomes	in	MDR	TB

quality-ensured SLDs and providing all treatment by direct-
ly observed therapy. In our study, baseline cavitary disease, 
high-grade smear positivity, increased drug resistance, and 
persistent smear positivity at follow-up sputum examina-
tions were associated with acquired resistance. Although 
these risk factors might assist physicians in identifying those 
patients at increased risk for acquired resistance (and con-
sequently poor outcomes), further evaluation is needed in 
evaluating optimal methods to treat patients who have iso-
lates with acquired resistance.

Information on rates of acquired resistance among 
patients receiving second-line treatment is limited. A ret-
rospective study of 536 MDR TB patients in western Sibe-
ria, Russia, found that XDR TB developed in 34 (6.4%); 
no information was provided on acquired resistance to 
quinolones or injectable drugs (12). Another study from 
the autonomous region of Abkhazia found that in a sub-
population of 47 MDR TB patients, XDR TB developed 
in 5 (11%) (21).

In the recently published Preserving Effective TB 
Treatment Study (PETTS), 832 MDR TB patients from 9 
countries were prospectively followed up for acquired re-
sistance (11). In that study, in comparison with our results, 
the rate for acquired XDR TB was similar (8.9%), that for 
acquired resistance to fluoroquinolones was slightly higher 
(11.4% vs. 9.1%), and that for an injectable drug was lower 
(7.8% vs. 10.6%). In PETTS, rates for acquired XDR TB 

in GLC-approved countries ranged from 0.6% to 9.8% 
compared with 6.3% to 18.0% for non–GLC-approved 
countries (11). On the basis of these findings, Georgia is 
on the higher end of acquired resistance rates for GLC-
approved countries. Another recent study of patients in 
the United States found that among MDR TB patients, the 
rate of acquired resistance was 6.4% for fluoroquinolones 
and 6.6% for injectable drugs (7). These findings are prob-
ably overestimates because only patients with an initial and 
follow-up DST were included (<30% of all MDR TB pa-
tients during the study). Our results, along with the above 
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Table 2. Risk	factors	for	acquired	resistance	to	second-line	drugs	among	patients	treated	for	multidrug-resistant	tuberculosis,	Georgia,	
March	2009–October	2012* 

Risk	factor 
Univariate	analysis,	

OR	(95%	CI) p	value 
Multivariate	analysis,	

aOR	(95%	CI) p	value 
Baseline	characteristic      
 Median	age	>35	y 1.96	(0.72–5.30) 0.19 – – 
 Male	sex 2.15	(0.59–7.83) 0.25 – – 
 BMI ≤18.5 kg/m2 1.96	(0.70–5.45) 0.20 3.73	(0.98–14.14) 0.053 
 History	of	TB 1.50	(0.57–3.94) 0.42 – – 
 Prior	receipt	of	second-line	TB	drugs 3.08	(0.72–13.13) 0.13 – – 
 Diabetes 0.40	(0.05–3.19) 0.38 – – 
 Hepatitis	C 1.57	(0.40–6.13) 0.52 – – 
 HIV 1.30	(0.14–11.78) 0.82 – – 
 Cavitary	disease 7.45	(2.65–20.96) <0.01 5.21	(1.56–17.38) <0.01 
 No.	of	drugs	to	which	baseline	isolate	was	resistant/drug	(IQR) 1.63	(1.05–2.51) 0.03 – – 
 Resistant to ≥6 drugs by baseline DST 4.63	(1.56–13.68) <0.01 5.31	(1.50–18.77) 0.01 
 Baseline	ofloxacin	resistant 6.24	(1.51–25.83) 0.01 – – 
 Baseline	capreomycin	or	kanamycin	resistant 1.20	(0.44–3.27) 0.73 – – 
 Known	active	drugs	in	initial	regimen	per	drug 0.58	(0.35–0.99) 0.045 – – 
Follow-up	characteristic     
 Initial	MDR	TB	treatment     
  Capreomycin 2.92	(1.04–8.18) 0.04 – – 
 Treatment	interruption 2.93	(1.08–7.99) 0.04 – – 
 >30	d	to	start	SLDs 0.48	(0.17–1.34) 0.16 – – 
 Baseline	AFB	sputum	smear	value	>3+ 4.44	(1.61–12.22) <0.01 2.21	(0.66–7.48) 0.20 
 Sputum	smear	positive,	mo†     
  4 8.78	(1.95–39.66) <0.01 6.54	(1.23–34.88) 0.03 
  6‡ 15.31	(4.66–50.32) <0.01 – – 
*OR,	odds	ratio;	aOR,	adjusted	OR;	–,	not	included	in	multivariate	analysis;	BMI,	body	mass	index;	TB,	tuberculosis;	IQR,	interquartile	range;	DST,	drug	
susceptibility	testing;	MDR,	multidrug	resistant;	SLDs,	second-line	drugs;	AFB,	acid-fast	bacilli. 
†Time	from	initiation	of	second-line	drug	treatment	for	MDR	TB. 
‡Significant	by	an	alternative	multivariate	analysis	model	when	replacing	the	variable	sputum	smear	positive	at	4	mo. 

 

Figure 2. Final	treatment	outcomes	for	patients	with	multidrug-
resistant	tuberculosis	(MDR	TB),	by	acquired	drug	resistance	
status,	Georgia,	March	2009–October	2012.	LFU,	loss	to	follow	
up.	*15	of	44	patients	were	culture	positive	at	time	of	LFU,	
including	all	6	patients	with	acquired	resistance.
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findings, indicate that acquired resistance occurs at fairly 
high rates across diverse settings and stress the need for 
repeating DST among patients with persistent positive spu-
tum cultures. As DST and molecular drug-resistance test-
ing become more available, we will probably see additional 
reports of acquired resistance and its effects.

Our results provide novel data on risk factors for ac-
quired resistance among MDR TB patients and indicate 
that severity of disease at baseline and persistent AFB 
smear positivity were predictors of acquired resistance. 
Patients with a higher AFB smear microscopy grade (in-
dicating higher bacillary load), baseline cavitary disease, 
and increasing baseline drug resistance had higher rates 
of acquired resistance. Persons with a lower baseline body 
mass index tended to have higher acquired resistance, but 
this result was not significant (p = 0.053). Shin et al. also 
found that baseline cavitary disease was associated with 

acquired XDR TB (aOR, 3.47, 95% CI 1.32–9.14), and 
although baseline drug resistance was not modeled, they 
found that a history of treatment with an injectable drug 
was a risk factor for acquired XDR TB (12). PETTS re-
sults corroborate our findings of increasing baseline drug 
resistance leading to higher rates of acquired resistance. 
Although that study reported that cavitary disease was 
associated with acquired XDR TB by univariate analysis 
(relative risk 1.84, 95% CI 1.04–3.26), it was included 
only as part of a propensity score for multivariate analysis 
and not modeled separately (11).

A novel finding of our study was the association of 
persistent smear positivity at 4 and 6 months with acquired 
resistance. Because AFB smear testing is more widely 
available than culture, this is a practical test that can help 
clinicians target high-risk patients who might need a regi-
men change, improved adherence, or other intervention.
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Table 3. Characteristics	of	patients	with	multidrug-resistant	tuberculosis,	by	treatment	outcome,	Georgia,	March	2009–October	2012* 
Characteristic Poor	outcome,	n	=	61 Favorable	outcome,	n	=	79 p	value† 

Acquired	resistance	to	any	second-line	drug 17	(28) 2	(3) <0.01 
Median	age,	y 39.7 33.7 0.21 
Male	sex 49	(80) 53	(67) 0.08 
History	of	imprisonment 21	(34) 19	(24) 0.18 
Diabetes	mellitus 6	(10) 10	(13) 0.60 
Hepatitis	C 9	(15) 7	(9) 0.28 
HIV 3	(5) 3	(4) 0.75 
BMI ≤18.5 kg/m2 14	(23) 21	(27) 0.63 
History	of	TB 29	(48) 33	(42) 0.50 
Prior	TB	treatment   0.77 
 None 32	(53) 46	(58) NA 
 First-line 24	(39) 28	(35) NA 
 Second-line 5	(8) 5	(6) NA 
Baseline	cavitary	disease 17	(28) 13	(17) 0.11 
Median	no.	drugs	to	which	baseline	isolate	was	resistant 6 5 0.18 
Resistant to ≥6 drugs on baseline DST 32	(53) 28	(35) 0.04 
Baseline	ofloxacin	resistant 6	(10) 3	(4) 0.15 
Baseline	capreomycin		kanamycin	resistant 24	(39) 23	(29) 0.20 
Starting	SLDs	>30	days 28	(46) 38	(48) 0.80 
Initial	MDR	TB	treatment	regimen	included    
 Capreomycin 25	(41) 40	(51) 0.26 
 Kanamycin 35	(57) 46	(58) 0.92 
Ever	received    
 Moxifloxacin 11	(18) 9	(12) 0.27 
 Clarithromycin 3	(5) 2	(3) 0.45 
 Augmentin 3	(5) 2	(3) 0.45 
 Clofazimine 3	(5) 3	(4) 0.75 
Treatment	interruption 29	(48) 27	(34) 0.11 
Adjunctive	surgery	performed 3	(5) 4	(5) 0.97 
Baseline	sputum	AFB	smear	value	>3+ 23	(38) 23	(29) 0.28 
Sputum	culture	positive,	mo‡    
 2 58	(95) 62	(79) <0.01 
 4 44	(72) 36	(46) <0.01 
 6 34	(56) 14	(18) <0.01 
Sputum	smear	positive,	mo‡    
 2 53	(87) 61	(77) 0.14 
 4 42	(69) 35	(44) <0.01 
 6 28	(46) 11	(14) <0.01 
*BMI,	body	mass	index;	TB,	tuberculosis;		NA,	not	applicable;	DST,	drug	susceptibility	testing;	SLDs,	second-line	drugs;	MDR,	multidrug	resistant;	AFB,	
acid-fast	bacilli. 
†Comparing	persons	with	and	without	acquired	resistance	by	using	2 or	Fischer	exact	tests	for	categorical	variables	and	t-test	or	median	test	for	
continuous	variables. 
‡Time	from	initiation	of	second-line	drug	treatment	for	MDR	TB. 
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We previously demonstrated acquired resistance 
among M. tuberculosis isolates from resected cavitary tis-
sue compared with sputum samples (13). The cavitary le-
sion is an ideal setting for acquired resistance, given high 
bacterial loads, active mycobacterial replication, reduced 
exposure to host defenses, and potentially low penetration 
by drugs. The fibrotic wall of the cavity and variable vas-
cularization might decrease SLD drug penetration, result in 
drug-selection pressure, and lead to emergence of acquired 
resistance (22). We are currently conducting a pharmaco-
logic study to measure cavitary penetration of SLDs to as-
sess the association between drug penetration and acquired 
resistance. It has been shown in an in vitro system that 
pharmacokinetic variability can lead to emergence of MDR 
TB (23). Consistent with this finding is a study that showed 
that among drug-susceptible TB patients, low isoniazid and 
rifampin concentrations preceded all cases of drug resis-
tance (24). However, no clinical studies of SLD pharma-
cokinetics have examined their relationship with acquired 
resistance and treatment outcomes.

High rates of poor outcomes among MDR TB pa-
tients with isolates that have acquired resistance in our 
cohort are a concern and stress the need for prevention 
of acquired resistance. Only 2 patients with isolates that 
had acquired resistance had favorable outcomes, 1 who 

had adjunctive surgery and 1 whose isolate remained sus-
ceptible to ofloxacin, capreomycin, and kanamycin. An 
increasing number of reports have found that adjunctive 
surgery might be beneficial for MDR TB patients with 
cavitary disease (25,26). However, these studies were 
observational, and a randomized controlled clinical trial 
is needed to demonstrate if adjunctive surgery improves 
MDR TB treatment outcomes, including among patients 
with isolates that had acquired resistance.

The few other studies reporting some association of 
acquired resistance and outcomes found results mirroring 
our findings; however, our study found that acquired re-
sistance associated with a negative outcome in adjusted 
analysis when controlling for other potential confounders. 
In a study from Abkhazia, all patients with isolates that had 
acquired resistance to ofloxacin had a poor outcome (21). 
In a report of 87 MDR TB patients from Uzbekistan, only 
5 (28%) of 18 patients with isolates that had acquired re-
sistance to ofloxacin to ofloxacin were successfully treated 
(27). In the study by Shin et al., only 14.7% of MDR TB 
patients in whom XDR TB developed were cured or com-
pleted treatment compared with 68.5% among those in 
whom XDR TB did not develop (12).

A limitation of our study was lack of genotyping, 
which prevented distinguishing isolates that had acquired 
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Table 4.	Risk	factors	for	poor	treatment	outcomes	among	patients	treated	for	multidrug-resistant	tuberculosis,	Georgia,	March	2009–
October	2012* 

Risk	factor 
Univariate	analysis,	

OR (95%	CI) p	value 
Multivariate	analysis,	

aOR	(95%	CI) p	value 
Acquired	resistance	to	any	second-line	drug 14.88	(3.28–67.42) <0.01 8.05	(1.56–41.66) 0.01 
Baseline	characteristics     
 Increasing age per year 1.02	(0.99–1.05) 0.14 1.02	(0.99–1.05) 0.26 
 Male	sex 2.00	(0.91–4.40) 0.08 –  
 BMI ≤18.5 kg/m2 0.82	(0.38–1.79) 0.62 – – 
 History	of	TB 1.26	(0.65–2.48) 0.50 – – 
 Prior	receipt	of	second-line	TB	drugs 1.32	(0.37–4.79) 0.67 – - 
 Diabetes	mellitus 0.75	(0.26–2.20) 0.60 – – 
 Hepatitis	C 1.78	(0.62–509) 0.28 – – 
 HIV 1.31	(0.26–6.73) 0.75 – – 
 Baseline	cavitary	disease 1.96	(0.87–4.44) 0.11 0.72	(0.25–2.05) 0.54 
 Resistant to ≥6 drugs by baseline DST 2.01	(1.02–3.98) 0.04 1.45	(0.68–3.11) 0.34 
 No.	drugs	to	which	baseline	isolate	was	resistant	(IQR) 1.20	(0.90–1.59) 0.21 – – 
Drug resistance category     
Baseline	ofloxacin	resistant 2.76	(0.66–11.53) 0.16 – – 
Baseline	capreomycin	or	kanamycin	resistant 1.58	(0.78–3.20) 0.21 – – 
Follow-up	characteristics     
 Treatment	interruption 1.75	(0.88–3.46) 0.11 – – 
 >30	d	to	start	SLDs 0.92	(0.47–1.79) 0.80 – – 
 Initial	capreomycin	treatment 0.68	(0.35–1.33) 0.26 – – 
 Baseline	sputum	smear	AFB	value	>3+ 1.47	(0.73–3.00) 0.28 – – 
Sputum	smear	positive,	mo†     
 4‡ 2.78	(1.38–5.60) <0.01 – – 
 6 5.25	(2.33–11.81) <0.01 3.43	(1.36–8.63) 0.01 
Sputum	culture	positivity,mo     
 4‡ 3.09	(1.51–6.31) <0.01 – – 
 6‡ 5.85	(2.71–12.59) <0.01 – – 
*OR,	odds	ratio;	aOR,	adjusted	OR;	–,	not	included	in	multivariate	analysis;	BMI,	body	mass	index;	TB, tuberculosis;	IQR,	interquartile	range;	DST,	drug	
susceptibility	testing;	SLDs,	second-line	drugs;	AFB,	acid-fast	bacilli. 
†Time	from	initiation	of	second-line	drug	treatment	for	MDR	TB. 
‡Significant	by	alternative	multivariate	analysis	models	when	replacing	the	variable	sputum	smear	positive	at	6	mo. 
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resistance from reinfection with another strain. Other re-
ports found that potential reinfection with an exogenous 
strain accounted for 0%–34% of acquired drug resis-
tance (8,11,21,27). It has also been estimated that certain 
strains of M. tuberculosis have higher mutation rates and 
are more likely to acquire drug resistance (28). In addi-
tion, we did not have detailed information on treatment 
adherence, which prevented us from measuring the asso-
ciation of different levels of adherence with isolates that 
had acquired resistance. Shin et al. found that cumulative 
months with <80% treatment adherence were associated 
with acquired resistance (12). The high rate of LFU also 
prevented determining the association of isolates that had 
acquired resistance with failure and death in these pa-
tients. In addition, lack of DST for many patients who 
were culture positive at 4 and 6 months might have led to 
an underestimation of isolates that had acquired resistance 
and biased the association of isolates that had acquired 
resistance to ofloxacin and poor outcomes if DST was se-
lectively performed for sicker patients.

In summary, our results provide novel findings on risk 
factors for M. tuberculosis isolates developing acquired re-
sistance and complete analysis of isolates that had acquired 
resistance and treatment outcomes among MDR TB pa-
tients. The need is urgent to further elucidate mechanisms 
of acquired resistance among M. tuberculosis isolates to 
improve treatment outcomes among MDR TB patients and 
to ensure that we preserve the effectiveness of newly intro-
duced TB drugs.
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